Guidelines for Diagnosis and Treatment of Primary

Screening and Diagnosis
Monitoring and Screening of High-Risk Populations
Screening of high-risk populations facilitates early detection, early diagnosis, and early treatment; therefore, it is critical for improving the outcome of liver cancer. In China, highrisk populations mainly comprise the following populations: populations with hepatitis B virus (HBV) and/or hepatitis C virus (HCV) infection, nonalcoholic fatty hepatitis, liver cirrhosis of all causes, a family history of liver cancer, and those with long-term alcohol abuse or those who consume aflatoxin-contaminated food. Men older than 40 years are at particularly increased risk. Alpha-fetoprotein (AFP) and liver ultrasonography are the main approaches for early screening. Monitoring every 6 months, at minimum, is recommended for high-risk populations [3] .
Imaging Examinations for Liver Cancer
Imaging examinations have their own characteristics and are subject to the principle of integrated application, thus complementing each other's advantages and overall evaluation.
Ultrasonography
Abdominal ultrasonography is the most commonly used imaging examination for the liver due to its ease of use, flexibility, visualization, noninvasiveness, and convenience. Routine ultrasonography screening can sensitively detect suspected intrahepatic space-occupying lesions at an early stage, accurately differentiate cystic or space-occupying lesions, and observe the presence of other relevant metastatic lesions in the liver or abdomen. Color Doppler flow imaging not only visualizes the blood supply within the lesion but also identifies the adjacency relationship between the lesion and major vessels, which provides important information for the selection of treatment approaches and determination of a surgery plan. Contrast ultrasonography visualizes the hemodynamic changes within the liver cancer and facilitates the differentiation and diagnosis of different kinds of liver cancer [4] . This technique has advantages regarding the evaluation of microvascular perfusion and the guidance of interventional procedures for liver tumor because of its real-time multisection imaging.
Computed Tomography Enhanced scans (with iodinated contrast agents) are commonly used. Their capability to detect and diagnose small liver tumor is slightly inferior to that of magnetic resonance imaging (MRI). This approach is more often used for the evaluation of the response of liver cancer to local treatment, particularly because of its ability to observe the deposition of iodized oil following transarterial chemoembolization (TACE), and because of its common application for the clinical diagnosis and staging of liver cancer. Furthermore, computed tomography (CT) is widely used in clinical practice because of its three-dimensional (3D) measurements of liver volume and tumor volume and evaluations of metastasis to other organs such as the lungs and bones.
Magnetic Resonance Imaging Plain and enhanced scans (commonly with Gd-DTPA contrast agents) are commonly used for the detection, diagnosis, and response of liver cancer in clinical practice due to a lack of irradiation, high tissue resolution, multidirectional and multiparameter imaging, morphology-combining features (including diffusion-weighted imaging, perfusion-weighted imaging, and spectrum analysis), and comprehensive imaging technique capabilities. The detection rate for ≤1.0-cm liver cancer, diagnostic accuracy, and differential diagnoses of liver cancer are improved when used in combination with hepatocyte-specific contrast agents (Gd-EOB-DTPAs) [5] [6] [7] [8] [9] [10] .
Liver cancer exhibits obvious heterogeneous enhancement or, occasionally, obvious homogenous enhancement during the arterial phase (mainly during the late arterial phase) of MRI or CT. In particular, ≤5.0-cm liver cancer exhibits reduced enhancement of the tumor in the portal venous phase and/or parenchyma balance phase scans. This enhancement mode of "rapid wash in and out" is characteristic of liver cancer [11, 12] . The diagnosis of liver cancer by MRI and CT still requires the incorporation of other signs (e.g., pseudocapsule), particularly relevant signs shown in other sequences of MRI, for comprehensive judgment and consequently improved diagnostic accuracy.
Digital Subtraction Angiography Digital subtraction angiography (DSA) is an invasive procedure. In most cases, it is recommended that it should be performed through the selective or ultraselective hepatic artery. This technique is more often used for the local treatment of liver cancer or for the treatment of acute bleeding from liver cancer rupture. Liver cancer mainly exhibits staining of the tumor blood vessels and tumors on DSA. DSA also helps identify the number, size, and blood supply of liver cancer and provides accurate and objective information regarding vascular anatomic variation and important vascular anatomic relationships as well as portal vein invasion by tumors, which has important value for judging the possibility and thoroughness of surgical resection and determining a proper treatment plan.
Nuclear Medical Imaging
Positron Emission Tomography/CT. The advantages of whole-body 18 F-fluorodeoxyglucose ( 18 F-FDG) positron emission tomography (PET)/CT are evident for the following: (1) tumor staging; (2) re-staging after treatment; (3) response evaluation; (4) guidance of biological target volume delineation for radiation therapy and puncture biopsy sites (evidence level 2) [13, 14] ; and (5) evaluation of the extent of malignancy and prognosis of the tumor (evidence level 2) [15] [16] [17] . During tumor staging, one procedure enables the overall evaluation of lymph node metastasis and distal organ metastasis (evidence level 1) [18, 19] . During re-staging, PET can accurately visualize changes in anatomic structures or tumor recurrence and metastases at the site with a complicated anatomic structure (evidence level 2) [13, 14] . Regarding the response evaluation, PET is more sensitive and accurate for evaluating the response to molecular target drugs that act to inhibit tumor activity (evidence level 2) [20, 21] . PET/CT is beneficial for evaluating the extent of malignancy and the prognosis of tumors (evidence level 2) [15] [16] [17] . Carbon-11 acetate ( 11 C-acetate) and choline ( 11 C-choline) PET scans improve the diagnostic sensitivity for well-differentiated liver cancer and are complementary to 18 F-FDG PET/CT.
Serological Molecular Markers for Liver Cancer
AFP is a commonly used and important method of diagnosing liver cancer. Diagnostic criteria are AFP ≥400 μg/L and exclusion of chronic or active hepatitis, liver cirrhosis, embryonal tumor of the testis or ovary, and pregnancy. Patients with mildly increased AFP should be monitored in a dynamic manner. Changes in liver function should be considered and help facilitate the diagnosis. A normal AFP level is seen in approximately 30% of liver cancer patients, and AFP-L3 testing helps improve the diagnostic rate. Other molecular markers commonly used for the diagnosis of liver cancer are α-L-fucosidase and PIVKA (protein in vitamin K absence or Des-gamma-carboxy prothrombin).
Pathological Diagnosis of Liver Cancer
The Pathological Diagnostic Criteria for Liver Cancer The pathological diagnosis must be combined with clinical evidence and an overall understanding of the patient's history of HBV/HCV infections, tumor serum markers, and imaging examinations.
Guidelines for the Pathological Diagnosis of Liver Cancer
The guidelines for the pathological diagnosis of liver cancer are composed of standard procedures for sample handling, specimen sampling, pathological examination, and pathology report.
(1) Regarding specimen handling, the surgeon should indicate the site and type of each specimen on the pathology application form. The surgical margin and important lesions can be stained with dyes or labeled with sutures [24, 25] .
(2) Regarding specimen sampling, prepared sections from all tumor tissues exhibiting different macroscopic appearances should be collected [26] [27] [28] . In addition, the site and number of specimens actually obtained must consider the diameter and number of tumors [24] (evidence level 2).
(3) The main points for the pathology description are the following: (a) Gross description of specimens. Besides the features of tumor, their relationship with blood vessels and bile ducts, status of capsulation, adjacent liver tissue lesions, type of liver cirrhosis, and distance between tumor and resection margin should be specifically described.
(b) Microscopic description. Follow the World Health Organization (WHO) 2010 edition of "WHO Classification of Tumours of the Digestive System" for the diagnosis of liver cancer. The following information should be described: degree and range of tumor necrosis (e.g., post-TACE), lymphocyte infiltration, and interstitial fibrosis; growth pattern of liver cancer (including microvascular invasion [MVI] , satellite nodules, etc.); and evaluation of chronic liver diseases. The simple Scheuer score system and Chinese Criteria for Histological Grading and Staging of Chronic Virus Hepatitis [29, 30] should also be used. MVI refers to the presence of cancer cell clusters in the blood vessels lined with endothelial cells, which are most pronounced in the branch of portal vein (including the intracapsular blood vessels) under microscopic observation [31] (evidence level 1). MVI is an important factor for the evaluation of invasiveness and recurrence risk of liver cancer and for the selection of treatment plan; it should be used as a routine parameter for pathological examination [32] [33] [34] (evidence level 2).
(c) Immunohistochemical examination. Commonly used hepatocyte markers include Hep Par-1, GPC-3, CD10, Arg-1, and GS. The commonly used bile duct markers include MOC31, HNF1b, and MUC-1. Immunohistochemical markers should be used in proper combination, and the differential diagnosis should be performed between HCC and ICC as well as between primary liver cancer and metastatic liver cancer.
(d) Special types of liver cancer. In mixed-type carcinoma of the liver, both HCC and ICC components are present in the same tumor nodule. In biphenotypic carcinoma of the liver, HCC also expresses cholangiocarcinoma protein markers.
Pathological Diagnosis Report for Liver Cancer The pathological diagnosis report for liver cancer consists of the gross description of specimens, microscopic description, immunohistochemical examination results, typical pathological photos, and pathological diagnosis name. In addition, molecular pathological examination results related to the clonal origin of liver cancer, drug target testing, biological behavior evaluation, and prognosis judgment can be included for clinical reference.
Clinical Criteria for the Diagnosis of Liver Cancer and Road Map
HBV or HCV and liver cirrhosis are high-risk factors for liver cancer. These have an important value for the diagnosis of liver cancer and differential diagnosis of hepatic spaceoccupying lesions. In recent years, more attention has been given to the association between nonalcoholic steatohepatitis and liver cancer.
AFP helps to establish a clinical diagnosis of HCC when imaging examination is not fully adequate, especially in the rural or remote area. An AFP level of ≥400 μg/L is highly suggestive of liver cancer after the exclusion of pregnancy, chronic or active liver diseases, and embryonic gonadal tumors.
The clinical diagnosis of liver cancer should be established in accordance with the steps shown in the road map and by taking into account the high-risk factors for liver cancer, imaging characteristics, and serological molecular markers (Fig. 1) . 
CEUS:
defined as the real-time monitoring of blood flow perfusion of normal tissues and lesion tissues using ultrasonography contrast agents.
EOB-MRI: defined as Gd-EOB-DTPAenhanced MRI scan. AFP+: above the upper limits of normal of serum AFP.
(1) Ultrasonography and AFP testing should be performed a minimum of every 6 months for patients with HBV or HBC or all-cause liver cirrhosis. For intrahepatic nodules with a diameter ≤2 cm, the clinical diagnosis of liver cancer can be established when the typical characteristics of liver cancer (i.e., the enhancement mode of "rapid wash in and out") that manifest as obvious enhancement in the arterial phase and reduced enhancement in the portal venous or delayed phase are observed during at least two examinations among the dynamic enhanced MRI, dynamic enhanced CT, ultrasonography, and dynamic gadoxetic acid (Primovist)-enhanced MRI. For intrahepatic nodules with a diameter > 2 cm, the clinical diagnosis of liver cancer can be established when the typical characteristics of liver cancer are noted during any of these four imaging examinations.
(2) For patients with HBV or HCV or liver cirrhosis due to other causes that are found with intrahepatic nodules with a diameter ≤2 cm during follow-up, the diagnosis can be established by liver puncture biopsy or imaging examinations every 2-3 months if the typical characteristics of liver cancer are noted during none or during only one of these four imaging examinations. For patients with intrahepatic nodules with a diameter > 2 cm, the diagnosis can be established by liver puncture biopsy if the characteristics of liver cancer are noted during none of these four imaging examinations.
(3) For patients with HBV or HCV or liver cirrhosis of other causes along with increased AFP, particularly continuously increased AFP, one of these four imaging examinations should be performed to establish the diagnosis. The close monitoring of AFP levels and imaging examination every 2-3 months should be performed after the exclusion of pregnancy, active liver disease, embryonic reproductive tumors, and gastrointestinal cancer if no intrahepatic nodules are identified.
Staging
Staging of liver cancer is crucial to the prediction of survival and selection of a proper treatment plan. The prognosis of liver cancer is affected by many factors, including tumor factors, the patient's general state of health, and liver function. Therefore, there are a number of staging systems, such as the BCLC, TNM, JSH, and APASL staging systems. The following staging is recommended for liver cancer based on China's medical systems and practice experience: stage Ia, stage Ib, stage IIa, stage IIb, stage IIIa, stage IIIb, and stage IV (Fig. 2) .
Treatment
A feature of liver cancer treatment is the coexistence of multiple methods and multiple disciplines. Therefore, the diagnosis and treatment of liver cancer should be conducted with a multidisciplinary diagnosis and treatment team. The selection of proper treatment approaches should be supported by high-level evidence-based data taking into account the regional and economic differences.
Hepatectomy
Surgical treatment is the most important approach for achieving long-term survival for liver cancer patients. These treatments include hepatectomy and liver transplantation.
Basic Principles for Hepatectomy
Thoroughness. Complete removal of the tumor to ensure that the surgical margin is free of any residual tumor. Safety. Preservation of sufficient functional liver tissues (with good blood supply and blood and bile outflow) to compensate liver function and reduce operative mortality and surgical complications following surgery.
Evaluation of Preoperative Liver Function Reserve
Overall evaluation of the patient's general condition and liver function reserve (LFR) should be performed before surgery. Performance status (PS) proposed by the Eastern Cooperative Oncology Group (ECOG) is commonly used to evaluate the patient's general condition. The Child-Pugh score, indocyanine green (ICG) clearance test [35] , and transient elastography for liver stiffness measurement [35] [36] [37] [38] are used to evaluate LFR. CT and/or MRI are used for measurements of the future remnant liver volume to calculate the percentage of the remaining liver volume in the standardized liver volume if the preservation of a small volume of liver tissues is expected [36] . Child-Pugh grade A and ICG-R15 < 20-30% are generally considered prerequisites for hepatectomy. A future remnant liver volume accounting for more than 40% (for patients with liver cirrhosis) or more than 30% (for patients without liver cirrhosis) of the standardized liver volume is another prerequisite for surgical resection [39] .
Indications for Hepatectomy (1) Liver cancer stages Ia, Ib, and IIa in patients with good LFR are the best indications for surgical resection. Results of recent studies have shown better long-term efficacy after surgical resection [40] [41] [42] (evidence level 1), although some other studies demonstrated equivalent efficacy of radiofrequency ablation (RFA) for resection of liver cancer with a diameter ≤3 cm [43] (evidence level 1).
(2) In some stage IIb and IIIa patients, surgical resection may produce a better outcome than other treatment approaches [44, 45] (evidence level 1); however, a more careful preoperative evaluation is required. For patients with multiple liver cancers, relevant studies have demonstrated that those with ≤3 tumors may benefit from surgery when surgical safety criteria are met [44, 46] (evidence level 1). For patients with more than 3 tumor nodules, surgical resection, in most cases, is not superior to nonsurgical treatments (e.g., TACE).
(3) For some stage IIb and IIIa patients, surgical resection can be considered if patients have more than 3 tumor nodules that are localized to the same segment or lobe or if RFA can be performed for some lesions during surgery. Surgical removal of the tumor and embolus can be considered if the tumor is localized to one lobe and the tumor emboli are expected to be completely resected during surgery or if the patients have obstructive jaundice because of tumor emboli in the bile duct and the intrahepatic tumors are resectable. For patients with portal lymph node metastases, intraoperative lymph node dissection or postoperative external radiation therapy can be performed in addition to tumor resection, and involvement of the adjacent organs can be resected altogether.
In addition, hepatic artery ligation, which is currently less frequently used and, in some cases, is used for surgical hemostasis of bleeding from rupture of liver cancer, and/or the hepatic artery and portal vein catheterization chemotherapy or other intraoperative local treatments considered for liver cancer that is confirmed as unsuitable for resection during surgical exploration.
Criteria for Curative Resection of Liver Cancer (1) Criteria based on intraoperative findings are the following: (1) no macroscopic tumor emboli are noted in the hepatic vein, portal vein, bile duct, or inferior vena cava; (2) in the absence of involvement of an adjacent organ, portal lymph node, or distal metastases; and (3) the distance between the surgical margin and tumor boundary is more than 1 cm or histo-logical examination of the surgical margin is tumor-free if the distance between the surgical margin and tumor boundary is less than 1 cm.
(2) Criteria based on postoperative findings are the following: (1) ultrasonography, CT, and MRI (two of these examinations are mandatory) within 2 months after resection confirm the absence of tumor lesions; and (2) quantitative AFP testing should be performed within 2 months after resection to ensure that AFP decreases to the normal range (the time to normalization of AFP is more than 2 months in isolated patients) if the AFP levels were increased preoperatively.
Surgical Resection Techniques
Commonly used surgical techniques include hepatic inflow and outflow control, parenchymal transection, and hemostatic techniques. Experienced physicians can perform laparoscopy or robot-assisted laparoscopic hepatectomy. Minimally invasive procedures have advantages such as less invasiveness and rapid postoperative recovery [47] (evidence level 2); however, prospective, multicenter, randomized, controlled studies to evaluate the longterm efficacy of minimally invasive procedures are warranted. Indications for laparoscopic hepatectomy are: (1) lesions are located in Couinaud segments II, III, IVb, V, and VI; (2) the size of the lesions is generally not more than 10 cm, without affecting the anatomy of the first and second hepatic hilums; and (3) surgeons have rich experience and can perform laparoscopic hemihepatectomy, trihepatectomy, and hepatectomy of Couinaud segments I, VII, and VIII step by step.
Insufficient future remnant liver volume due to a major resection or concerns regarding the function of the remnant liver are the main reasons that hinder the application of radical resection. The following methods can be used for improving resectability:
(1) Surgical resection can be performed after induction of tumor shrinkage by preoperative TACE in some patients [48, 49] .
(2) Portal vein embolization (PVE) or portal vein ligation (PVL) can be applied to increase the future remnant liver volume [50] . The postoperative morbidity and mortality of portal vein embolization are 19-56%, and 0-11.5%, respectively [51] . Concurrent use of TACE can reduce the risk of tumor progression during the waiting time because 4-6 weeks are needed for the volume of the remnant liver to increase [52] .
(3) Associating the liver partition and portal vein ligation for staged hepatectomy (ALPPS) is a new technique that has been developed in recent years and is used for patients in whom the estimated remnant liver volume is less than 30-40% of the standardized liver volume. After liver transection and ligation of the portal vein branch of the affected side, 1-2 weeks are generally needed for the future remnant liver of the unaffected side to grow by 30-70%. Then, resection is performed when the future remnant liver volume is more than 30-40% of the standardized liver volume. Preoperative evaluation should include liver cirrhosis, the patient's age and ability to tolerate two surgeries within a short period of time, and the risk of rapid tumor progression [53] . Laparoscopy or ablation can be used to minimize the trauma associated with the procedure [54] . Contraindications for ALPPS include the following: (1) the presence of unresectable extrahepatic metastases; (2) serious portal hypertension; (3) poor general condition; and (4) tumor nodules macroscopically noted in the future remnant liver after the first surgery. ALPPS is associated with an increased incidence of complications and mortality, although it can improve the resection rate of liver cancer within a short period of time. Therefore, extra care should be taken when selecting the right candidates for this procedure.
(4) For tumors that are found with serious liver cirrhosis and multiple nodules and that have deep positions during surgical exploration, intraoperative RFA can minimize surgical risks.
Both anatomic and nonanatomic resections are commonly used techniques. For large tumors, the survival benefit of anterior approach without dissecting the perihepatic ligaments before transection is still controversial [55] . For multiple tumors, surgical resection in combination with intraoperative ablation (e.g., intraoperative RFA) can be performed to allow for resection of the tumors along the liver edges and simultaneous ablation of deep tumors. For patients with tumor emboli in the portal vein, the portal venous flow of the unaffected side should be temporarily interrupted during portal vein embolectomy not only for avoiding dissemination of tumor emboli [56] but also for avoiding bleeding. For patients with tumor emboli in the hepatic vein or vena cava, total vascular occlusion can be performed to ensure the removal of the whole tumor emboli [57, 58] .
Preoperative Treatment For unresectable tumors, hepatic artery ligation and catheterization, TACE, and external radiation therapy may result in tumor downstaging and consequently provide some patients with opportunities for radical resection. Better long-term survival may be achieved by patients undergoing resection after downstaging [48] . For resectable liver cancer, preoperative TACE is not associated with improved survival [59, 60] (evidence level 2).
Postoperative Treatment (for Prevention and Treatment of Metastasis and
Recurrence) The 5-year recurrence and metastasis rate after surgical resection is up to 40-70%, which may be related to the preexisting minimal disseminated lesions or multicentric origin. Therefore, close follow-up must be performed for all patients. In the case of tumor recurrences, repeat resection, local ablation, TACE, radiation therapy, or systemic treatment [61] can be used based on the characteristics of tumor recurrences. For patients at high risk for tumor recurrence, postoperative TACE has been shown to be somewhat effective because it helps detect and control residual minimal intrahepatic cancer [62] (evidence level 4). However, further investigations are warranted for such a conclusion. In addition, the concurrent use of chemotherapy via portal vein catheterization and TACE after resection can prolong survival for patients with tumor emboli in the portal vein [63] . The use of interferon-α to reduce recurrence risk and prolong survival remains controversial [64] , although this effect has been demonstrated in some clinical studies [65] [66] [67] (evidence level 1). There are reports of the association between miR-26a expression in liver cancer and adjuvant therapy with interferon-α [68] . Further multicenter, randomized, controlled studies are needed for such results. Huai'er granules (traditional Chinese medicine) have been shown by large-scale, domestic, multicenter, randomized, controlled studies to be effective for the prevention of recurrence and metastasis in patients undergoing radical resection for liver cancer.
Liver Transplantation
Indications for Liver Transplantation for Liver Cancer Liver transplantation, which is a radical treatment approach for liver cancer, is indicated for patients with decompensated cirrhosis and small liver carcinoma. The appropriate indications are crucial for improving the efficacy of liver transplantation and ensuring the fair and proper use of precious donator liver resources.
The Milan criteria and University of California San Francisco (UCSF) criteria are commonly used indications for liver cancer in patients in international communities; however, no uniform criteria have been established in China. A number of criteria have been proposed, including Shanghai Fudan criteria [69] , Hangzhou criteria [70] , West China criteria [71] , and Sanya consensus. All of these criteria agree regarding the absence of large vessel involvement, lymph node metastases, and extrahepatic metastases, but they diverge regarding the size and number of tumors. These domestic criteria extend indications of liver transplantation for liver cancer to varying degrees to allow more patients to benefit from liver transplantation without significantly reducing postoperative overall survival and tumor-free survival as compared with the Milan criteria. However, multicenter collaborative studies are still warranted for support and confirmation of such a practice and for obtaining high-level evidence from evidence-based medicine. Therefore, the UCSF criteria are recommended by these guidelines after a full discussion by the expert group.
Prevention of Posttransplant Recurrence of Liver Cancer
Tumor recurrence significantly reduces posttransplant survival. Its risk factors include tumor stage, AFP level, and cumulative dose of immunodepressants. Reduced exposure to calcineurin inhibitors early after liver transplantation may be associated with lower tumor recurrence rates [72] (evidence level 2). The use of mTOR inhibitor immunosuppressive therapy after liver transplantation for liver cancer can also prevent tumor recurrence and improve survival [73, 74] (evidence level 2); however, multicenter, randomized, clinical studies are still warranted for further investigation.
Local Ablation Therapy
Only approximately 20-30% of liver cancer patients have the opportunity to undergo surgical resection because a large portion of liver cancer patients have liver cirrhosis or are already at the middle/terminal stage at the time of diagnosis. However, surgery is the best treatment choice to obtain long-term survival. Local ablation therapy, which has been widely used in recent years, provides early liver cancer patients with a curative outcome.
Local ablation therapy is designed to directly destroy tumor tissues using physical or chemical methods under the guidance of imaging techniques. These techniques mainly include RFA, microwave ablation (MWA), cryotherapy, high-power focused ultrasonography ablation, and percutaneous ethanol injection (PEI). Local ablation therapy is most often performed under the guidance of ultrasonography, which has the advantages of real time and high efficiency. CT and MRI in combination with multimode imaging systems can be used to monitor lesions when ultrasonography is unable to do so. CT and MRI guidance techniques can also be used for the ablation of metastases in the lungs, adrenal glands, and bones.
Ablation is performed by percutaneous, laparoscopic, or laparotomy approaches. Most small liver cancer can be percutaneously ablated, which has the advantages of cost-effectiveness, ease of use, and minimal invasion. For subcapsular tumors, particularly tumors protruding beyond the liver capsule, which are associated with high risks for percutaneous puncture ablation, or for liver cancers for which imaging guidance is difficult, ablation via laparoscopic or laparotomy approaches can be considered.
Solitary tumors with a diameter ≤5 cm or no more than 3 tumor nodules in a large tumor ≤3 cm without vascular invasion and distal metastasis are the best candidates for local ablation therapy; an outcome comparable to that of radical resection can be achieved for patients with Child-Pugh class A or B [75] [76] [77] (evidence level 1). However, local ablation is also used in combination with TACE for patients with inoperative solitary or multiple tumors with a diameter of 3-7 cm [78, 79] (evidence level 1).
Common Ablation Therapies
Radiofrequency Ablation. RFA is the most commonly used minimally invasive therapy for liver cancer and has the advantages of ease of use, less invasiveness, good efficacy, and relatively low cost. The tumor-free survival rate of RFA is slightly lower than that of surgical resection for patients with tumors ≤3 cm [41, 75] (evidence level 1). RFA has significant advantages such as fewer treatment sessions and higher long-term survival rates as compared with PEI. RFA ablates the tumor as a whole while minimizing the damage to nontumor tissues on the premise that the range of tumor infiltration and satellite lesions is covered. Therefore, highly accurate imaging examinations are important prior to treatment. Enhanced ultrasonography helps confirm the actual size and shape of the tumor, defines the boundary of tumor infiltration, and detects minimal liver cancers and satellite lesions, thus providing a reliable reference for the determination of an ablation regimen for the inactivation of tumors.
Microwave Ablation. MWA is a type of thermal ablation commonly used in China. No significant differences in local efficacy, incidence of complications, or long-term survival have been observed between MWA and RFA. Its characteristics are its high ablation efficiency, which avoids the "heat sink effect" associated with RFA. For tumors with an abundant blood supply, the major feeding artery of the tumor can be interrupted by coagulation for improved efficacy. The establishment of a temperature monitoring system helps regulate the range of an effective ablating area and ensures coagulation. Randomized, controlled studies have shown no statistically significant differences in local efficacy, complications, or survival between these two techniques [80] (evidence level 1). The selection of MWA or RFA should be based on the size and position of the tumor to choose a more appropriate ablation method [81] (evidence level 3).
Percutaneous Ethanol Injection. PEI is indicated for liver cancers with a diameter ≤3 cm. PEI has good ablative effects and similar long-term efficacy for liver cancers with a diameter ≤2 cm, despite its higher local recurrence rate than RFA. The advantage of PEI is its safety, and it is particularly suitable for cancers near the hepatic hilar region, gallbladder, and gastrointestinal tissues, whereas thermal ablation (RFA and MWA) may lead to damage under these circumstances.
Technical Requirements for Local Ablation Procedure (1) The operator must receive adequate training and have sufficient experience. A thorough and detailed evaluation of the patient's general health status, liver function, and the size, position, and number of tumors should be performed prior to treatment. Attention should be given to the relationship between the tumor and adjacent organs. A proper puncture tract and ablation area should be determined to secure a sufficient safety range.
(2) Appropriate imaging techniques (ultrasonography or CT) and ablation methods (RFA, MWA, or PEI) should be selected based on the size and position of the tumor.
(3) The tumor should be at least 5 mm away from the bile ducts in the hepatic hilar region. Ablation therapy is not recommended for lesions > 5 cm. For multiple lesions or larger tumors, TACE followed by ablation therapy can be considered based on the liver function, which produces a better outcome than ablation therapy alone.
(4) The range of ablation should cover a 5-mm distance beyond the tumor boundary. For ill-defined irregular infiltrating tumors or metastases, the range of ablation is recommended to be extended as appropriate if adjacent liver tissues and structural conditions permit.
Surgical Resection or RFA for Patients with Tumors ≤5 cm Several randomized, controlled trials and systematic retrospective analyses have used surgical resection as the first choice of therapy [40] [41] [42] 75] (evidence level 1). In clinical practice, the appropriate initial treatment approach should be selected after thorough consideration based on the patient's general health status and liver function, the size, number, and position of tumors, as well as the skill of the physician who performs ablation therapy. Surgical resection is generally believed to be the first choice if the patients can tolerate hepatectomy and if liver cancers are located at shallow sites or the margin of the liver. Local ablation therapy can be used as another choice in addition to surgical resection. For 2-3 tumors located in different areas, or for tumors that are deep in the liver, local ablation therapy has efficacy equivalent to that of surgical resection and results in radical ablation using minimally invasive techniques.
Evaluation after Ablation Therapy Dynamic enhanced CT or MRI or ultrasonography is usually used to assess the response to ablation approximately 1 month after ablation therapy. The response to ablation can be divided as follows: (1) complete response, whereby dynamic enhanced CT or MRI shows no enhancement in the area in which the tumor is located in the arterial phase; and (2) incomplete response, whereby dynamic enhanced CT or MRI shows enhancement of the tumor in the arterial phase, which is suggestive of residual tumors. Repeat ablation therapy can be performed for patients with a residual tumor after initial ablation. Ablation therapy should be considered a failure, and treatment should be switched if the presence of a residual tumor is confirmed after two sessions of ablation therapy. Follow-up should be performed after complete response is achieved. Tumor markers, ultrasonography, MRI, or CT should be performed every 2-3 months for early detection of local recurrent lesions and new intrahepatic lesions, and effective control of tumor progression should be performed using percutaneous ablation therapy.
Transarterial Chemoembolization
TACE is an interventional treatment used in China. It has been recognized as one of the most common nonsurgical treatments for liver cancer [80, [82] [83] [84] [85] [86] (evidence level 1).
Basic Principles (1) TACE should be performed using DSA; (2) Clinical indications must be strictly followed; (3) Superselective catheterization of tumor feeding arteries must be ensured; (4) The patient's liver function must be properly protected by avoiding occlusion of the feeding vessels to the nontumor liver; (5) Standardized and individualized chemotherapy protocols must be performed; (6) If the tumor continues to progress after 4-5 courses of TACE, other treatments should be considered or concurrently used (e.g., surgery, local ablation, systemic treatment, radiation therapy, etc.). Indications TACE is indicated for: (1) a portion of stage IIb, IIIa, and IIIb patients with Child-Pugh class A or B liver function and an ECOG score of 0-2; (2) stage Ib and IIa patients with resectable lesions who cannot or will not undergo surgery for other reasons (e.g., older age, severe cirrhosis) and instead undergo interventional treatment as the first-line nonsurgical option; (3) multiple nodular tumors; (4) a main portal vein that is not completely blocked or is completely blocked but the compensatory collateral blood vessels have formed between the hepatic artery and portal vein; (5) portal hypertension bleeding as a result of rupture of the liver tumor and hepatic artery-portal venous static shunt; (6) management of local pain and bleeding and blocking of the arteriovenous fistula; and (7) tumor recurrence after liver resection as a preventive measure, because DSA is capable of early detection of residual cancer or recurrent lesions.
Contraindications
(1) Severe liver dysfunction (Child-Pugh class C), including jaundice, hepatic encephalopathy, refractory ascites, or hepatorenal syndrome; (2) severe coagulation dysfunction that cannot be corrected; (3) completely embolized main portal vein with few collateral blood vessels formed; (4) active HBV infection or active infections that complicate the condition and
cannot be treated simultaneously; (5) wide distant metastasis with an estimated survival of < 3 months; (6) cachexia or multiple organ failure; (7) liver tumors accounting for ≥70% of the entire liver (staged embolization with small amounts of iodized oil emulsion can be considered if liver function is normal); (8) significant reductions in peripheral blood leukocytes and platelets, white blood cell (WBC) count < 3.0 × 10 9 /L (when due to hypersplenism but not toxicity of chemotherapy; therefore, it is not an absolute contraindication for TACE), and platelets < 50 × 10 9 /L; and (9) renal dysfunction (creatinine > 2 mg/dL or creatinine clearance rate < 30 mL/min).
Main Points of the Operating Procedures [87] (Evidence Level 3) (1) Hepatic arteriography. The Seldinger method is often used for hepatic arteriography, whereby the catheter is placed in the celiac artery or common hepatic artery following percutaneous femoral artery catheterization. Image acquisition should include the arterial phase, parenchymal phase, and venous phase. Images of the superior mesenteric artery should be obtained with caution to look for the collateral blood supply. Angiography should be carefully analyzed to determine the site, size, and number of feeding arteries of the tumor.
(2) Specific surgeries may include the following depending on the procedural options: (a) hepatic arterial infusion chemotherapy, whereby infusion chemotherapy is delivered through superselective catheterization in the feeding arteries (commonly used drugs are anthracyclines and platinum); (b) hepatic artery embolization, whereby the feeding arteries of tumors are blocked with embolization agents; (c) hepatic arterial chemoembolization, whereby the mixture of chemotherapy drugs and embolization agents is infused through the tumorfeeding artery.
The most commonly used embolization agents for TACE are lipiodol emulsion, standardized gelatin sponge particles, and drug-eluting beads (DEBs). First, a portion of chemotherapy drugs is generally infused over a period of not less than 20 min, followed by embolization with the emulsion mixture of the other portion of chemotherapy drugs and lipiodol. The dose of lipiodol is usually 5-20 mL, but it is not more than 30 mL. The boundary is defined as the formation of dense lipiodol deposition in the tumor area and the presence of small portal vein branch shadows around the tumor under the fluoroscopic monitoring. Granular embolization agents (e.g., standardized gelatin sponge particles, microspheres, polyvinyl alcohol particles) should be used after embolization with lipiodol emulsion. The use of a well-mixed emulsion of lipiodol and chemotherapy drugs is necessary to avoid embolization of normal liver tissues as a result of agent reflux or the entry of the agents into nontarget organs. All tumor-feeding arteries should be embolized to achieve devascularization of the tumor.
Common Adverse Reactions to TACE Postembolization syndrome is the most common adverse effect of TACE. The major symptoms are fever, pain, nausea, and vomiting. Fever and pain are the results of local tissue ischemia and necrosis when the hepatic artery is embolized, and nausea and vomiting are associated with chemotherapy drugs. In addition, puncture site bleeding, decreased WBCs, transient abnormal liver function, renal dysfunction, and voiding difficulties are commonly observed. In general, these adverse effects will last 5-7 days after the procedure and will disappear for most patients after symptomatic treatment.
Response Evaluation Tumor response should be evaluated in accordance with mRECIST and EASL criteria. The long-term efficacy parameter is overall survival and the short-term efficacy parameters are imaging response of the tumor and time to progression. Main Factors That Affect the Long-Term Efficacy of TACE [82] The main factors are: (1) degree of liver cirrhosis and liver function status; (2) serum AFP level; (3) volume and burden of the tumor; (4) extent of integrity of the tumor capsule; (5) portal vein tumorous thrombus; (6) blood supply of the tumor; and (7) pathological types of tumor.
Follow-Up and Treatment between TACE Sessions CT and/or MRI, tumor marker tests, liver and renal function tests, and blood count tests are usually recommended 4-6 weeks after the first session of TACE. More TACE sessions can be postponed if imaging shows thick lipiodol deposition in the liver tumor, necrosis of the tumor tissues, and the absence of tumor enlargement and new lesions. The frequency of subsequent TACE should be determined based on the response to previous treatment, liver function, and changes in PS. Follow-up can be performed at an interval of 1-3 months or longer. The viability of the tumor should be evaluated using dynamic enhanced CT and/or MRI to determine the need for more TACE. TACE in combination with other treatments is advocated for tumor control, improved quality of life, and long-term survival.
More Considerations for TACE (1) Microcatheter superselective catheterization is advocated. Catheterization of the tumor-feeding arteries and accurate infusion of lipiodol emulsion and granular embolization agents should be ensured for improved efficacy and protection of liver function.
(2) The tumor emboli in the portal vein trunk can be effectively treated to resume blood flow by portal vein stenting and I-125 seed strip or I-125 seed portal vein stenting [88] (evidence level 2).
(3) TACE can be used in combination with ablation therapy. There are two approaches: (1) sequential ablation, whereby TACE is followed by radiofrequency or MWA at an interval of 1-4 weeks; and (2) concurrent ablation, whereby radiofrequency or MWA is performed during TACE, resulting in significantly improved clinical efficacy and reduced hepatic impairment [86] (evidence level 2).
(4) Granular embolization agents include standardized gelatin sponge particles, polyvinyl alcohol particles, microspheres, and DEBs. Standardized gelatin sponge particles in combination with lipiodol are commonly used for conventional TACE. DEBs are a new type of embolization agent carrying chemotherapy drugs. A previous study has reported the advantages of DEBs in objective response rates and disease control rates [89] . However, a recent study has reported that no significant differences in local tumor response and patient survival have been noted for DEB-TACE and conventional TACE [90] [91] [92] .
(5) TACE can be combined with another local treatment or systemic treatment [82] , for example: (1) TACE in combination with ablation therapy (RFA, MWA, etc.) [88] (evidence level 2); (2) TACE in combination with radiation therapy [84] (evidence level 2), which could be selectively used for patients with tumor emboli in the portal trunk and inferior vena cava or localized large HCC after TACE; (3) TACE in combination with surgical resection, which should be recommended for large HCCs that have shrunk after TACE and are suitable for surgical resection [88] (evidence level 3); and (4) TACE in combination with systemic treatment, including molecular target drugs, arsenic trioxide, radiolabeled drugs, gene therapy, immunotherapy, and systemic chemotherapy [93, 94] .
Radiation Therapy
Radiation therapy (called radiotherapy) includes external beam radiotherapy and internal radiotherapy. External beam radiation is delivered from outside the body by aiming rays (photons or particle radiation) from the radiotherapy machine to the tumor. Internal radiotherapy is delivered by the implantation of radionuclides into the tumor through body tracts or needle tracts.
External Beam Radiotherapy
Indications. For stage IIIa and IIIb patients with tumor emboli in the portal vein/inferior vena cava or extrahepatic metastases, palliative radiotherapy is suggested. Some patients may have the opportunity of surgical resection after tumor shrinkage or downstaging [95] [96] [97] (evidence level 3). External beam radiotherapy can also be used as bridging treatment when waiting for liver transplantation or in combination with treatment [98] . For patients with extrahepatic metastases, external beam radiotherapy can be used for relieving symptoms such as pain, obstruction, or bleeding and for controlling tumor progression, thereby prolonging survival [99] [100] [101] (evidence level 3). For centrally located tumors with narrow surgical margins ≤1 cm, adjuvant radiotherapy can be used postoperatively [102] (evidence level 3).
Irradiated Volume. Gross tumor volume (GTV) can be defined on enhanced CT; however, MRI should also be used when necessary. Lymph node metastases are rare in liver cancer; therefore, the lymph drainage area is not included in the clinical target volume (CTV). For patients with lymph node metastases, the lymph drainage area of the next station must be included in CTV. In other circumstances (e.g., confined to intrahepatic area, tumor emboli, adrenal metastases, pulmonary metastases), a 2-to 4-mm margin needs to be added around the GTV [103] . The magnitude of respiratory liver tumor motion can be evaluated using X-ray fluoroscopy; however, the four-dimensional (4D) CT simulation technique is more accurate. The planning target volume is generally extended by 5-15 mm on the basis of CTV. The intrahepatic target volume must be delineated on the basis of images during the arterial and venous phases. MRI provides good visibility of intrahepatic lesions, and PET/CT presents extrahepatic lesions well. The determination of the target volume should be based on as many multiple imaging examinations as possible. An important principle for the irradiation design for liver cancer is to fully utilize the remarkable regeneration capability of normal liver tissues. Regarding the irradiation design, particularly for large tumors, it is necessary to spare enough irradiation-free volume to allow some normal liver tissues to regenerate.
Irradiation Dose. The safe dose for stereotactic radiotherapy is < 45 Gy/3 fractions for a normal liver volume > 700 mL and < 54 Gy/3 fractions for a normal liver volume > 800 mL for Child-Pugh A patients. The usual recommended irradiation dose is ≥30-60 Gy/3-6 fractions. For patients scheduled for palliative radiotherapy, the irradiation dose for tumors depends on the tolerance dose of the whole liver and/or adjacent gastrointestinal tract. Most reports have shown a conventional fractionated dose of 40-70 Gy. The tolerance dose for the whole liver is 28-30 Gy [104] for conventional fractionated radiotherapy and 23 Gy [105] for nonconventional hypofractionated radiotherapy (a fractionated dose of 4-8 Gy) for patients with Child-Pugh class A liver function. The tolerance of the liver to radiation is significantly reduced in Child-Pugh class B patients. The tolerance dose of the gastrointestinal tract is lower than the RTOG-recommended dose for Asian HCC patients as a result of gastrointestinal bleeding and poor blood clotting due to coexisting liver cirrhosis and hypersplenism [106] .
Radiotherapy Techniques. The use of 3D conformal radiotherapy (CRT), intensity-modulated radiation therapy (IMRT), image-guided radiation therapy, or stereotactic body radiation therapy is recommended. Image-guided IMRT is superior to 3D CRT [107] . The tomotherapy system is the radiation system designed for image-guided IMRT; it is suitable for patients with multiple lesions. The following criteria for stereotactic radiotherapy for liver cancer must be met: a 4D CT scanner or tumor tracking system; extreme precision in patient positioning and immobilization; personalized image correction prior to initialization of radiotherapy; the capability of the radiation device to focus beams on the tumor; and sharp dose gradients to spare normal tissues. There is a lack of high-level clinical data supporting the superior survival of proton radiotherapy compared to photon radiotherapy for liver cancer patients. Respiratory motion is the main cause of liver tumor motion and deformation during radiotherapy. Multiple techniques can be used to reduce the impact of respiratory motion, including the gating technique, real-time tracking, breathing control technique, and internal target volume determination based on 4D CT. Abdominal compression is easy to apply and reduces respiratory liver motion. The abdominal compression at the upper segment of the line between the xiphoid process and umbilicus can minimize respiratory liver motion [108] .
Internal Radiotherapy Radioactive particle implantation is an effective local method for the treatment of liver cancer; this treatment includes Y-90 microsphere treatment [109, 110] , iodine-131 monoclonal antibody [111] , radioactive lipiodol [112] , and iodine-125 seed implantation. Radioactive particles that continuously emit low-energy X-rays, γ-rays, or β-rays can maximize the destruction of tumor cells by continuous low-dose radiation after being implanted into tumor tissues or tumor-invaded body canals (portal vein, inferior vena cava, or biliary tract).
Systemic Treatment
For patients with advanced liver cancer, systemic treatment may reduce tumor burden, relieve tumor-related symptoms, improve quality of life, and prolong survival.
Antitumor Treatments and Their Efficacy Molecular Target Drugs. Sorafenib is the only molecular target drug approved at this time for the treatment of advanced liver cancer [113] . It is supported by two large-scale international multicenter phase III clinical trials demonstrating survival benefits for patients from different countries and regions and with different liver disease backgrounds [114] (evidence level 1). Liver function should be monitored during treatment with sorafenib. The most common adverse reactions are diarrhea, weight loss, hand-foot syndrome, rash, myocardial ischemia, and hypertension (evidence level 1). These generally occur within 2-6 weeks after initialization of treatment. Sorafenib can be used for patients with Child-Pugh class A (evidence level 1) and class B (evidence level 3) liver function. Sorafenib provides more significant survival benefits for patients with Child-Pugh class A liver function compared with those with Child-Pugh class B liver function [115] .
Systemic Chemotherapy. Conventional cytotoxic drugs, including adriamycin, epirubicin, fluorouracil, cisplatin, and mitomycin, have low efficacy, significant side effects, and poor repeatability when they are used as alone or in combination for the treatment of liver cancer. Chemotherapy drugs not only activate HBV replication but also damage liver function, thus leading to a lack of survival benefits from chemotherapy. The EACH study showed that the FOLFOX4 regimen containing oxaliplatin is superior regarding the overall response rate, disease control rate, progression-free survival, and overall survival compared to the conventional chemotherapeutic drug adriamycin and has good tolerability and safety profiles [116] (evidence level 2). Therefore, oxaliplatin has been approved in China for the treatment of local advanced and metastatic liver cancers when surgery and local treatment are unsuitable. Indications for chemotherapy are mainly the following: (1) advanced stage with extrahepatic metastases and tumor emboli in the main portal vein or inferior vena cava; and (2) local advanced stage not amenable to surgery or local therapy. Contraindications of chemotherapy include the following: (1) ECOG PS score > 2 and Child-Pugh score > 7; (2) liver function with Child-Pugh class C; (3) WBC count < 3.0 × 10 /L, and hemoglobin < 90 g/L; and (4) obvious liver and renal function abnormalities with aminotransferases (AST or ALT) > 5-fold the upper limit of normal and/ or significantly increased bilirubin > 2-fold the upper limit of normal, serum albumin < 28 g/L, and creatinine clearance rate < 50 mL/min with active infection. Arsenic trioxide has been recommended for patients with intermediate-or advanced-stage tumors [117] (evidence level 3). However, monitoring of hepatotoxicity and nephrotoxicity is necessary.
Immunotherapy. Immunotherapy for liver cancer mainly includes immune modulators (interferon-α, thymopeptide-α 1 [thymalfasin], etc.) [66] , checkpoint inhibitors (CTLA-4 antibody, PD-1/PD-L1 antibody) [118] , tumor vaccines (dendritic cell vaccines, etc.), adoptive immunotherapy (cytokine-induced kill cells) [117, 119] . These treatment approaches have been used for HCC patients. However, large-scale clinical studies are still warranted for further validation.
Traditional Chinese Medicine. Traditional Chinese medicine may improve the quality of life and antitumor immunity and reduce adverse effects from radiotherapy and chemotherapy. There are several modern Chinese herb preparations that have been used for the treatment of liver cancer, including Huai'er granules, Kanglaite injection, Cinobufacini, elemene, and Ganfule (evidence level 4). However, there is a lack of high-level evidence to sufficiently support the benefits of these drugs.
Efficacy Evaluation for Systemic Treatment. For patients using systemic treatment, imaging evaluation is generally performed every 6-8 weeks during treatment in accordance with RECIST 1.1 criteria, taking into account the changes in serum tumor marker (AFP) and degree of tumor necrosis. The overall evaluation should be performed by dynamic monitoring of the patient's PS and treatment-related adverse reactions. The response evaluation criteria based on tumor vascularization and density changes (mRECIST criteria) are recommended for evaluation of the response of patients treated with sorafenib or TACE [120, 121] . The immune-related response criteria can be used for evaluation of the immunotherapy response [122] .
Antiviral Treatment and Other Treatments
For patients with HBV infection, the HBV DNA level should be monitored. Antiviral treatment with nucleoside analogues is essential. Select potent drugs with a low rate of resistance (e.g., entecavir, telbivudine, or tenofovir disoproxil) are recommended. The use of antiviral drugs should be started prior to TACE or chemotherapy because these treatments may lead to active replication of HBV. Antiviral treatment is also associated with lower postoperative recurrence [123, 124] (evidence level 1). Therefore, antiviral treatment should be performed throughout treatment for liver cancer.
Liver function may be deteriorated during the natural course of disease or treatment. Therefore, timely and appropriate treatment with liver-protecting drugs (e.g., magnesium isoglycyrrhizinate injection, diammonium glycyrrhizinate enteric-coated capsules, compound glycyrrhizin, reduced glutathione, polyene phosphatidylcholine injection), anti-inflammatory drugs (e.g., broad-spectrum hydrolase inhibitor ulinastatin), and cholagogues and choleretics (e.g., ademetionine, ursodeoxycholic acid) is needed. These drugs may protect liver function, improve treatment safety, lower rates of complications, and improve quality of life.
Supportive Treatment Adequate rehabilitation exercises can increase immunity. In addition, supportive treatments should be administered, including active analgesic treatment, correction of anemia and hypoalbuminemia, enhanced nutritional support, blood sugar control for patients with diabetes, and treatment of concomitant symptoms such as ascites, jaundice, hepatic encephalopathy, and gastrointestinal bleeding in patients with advanced liver cancer.
